Effects of the osmolyte trimethylamine-N-oxide on conformation, self-association, and two-dimensional crystallization of myelin basic protein.
The osmolyte trimethylamine-N-oxide (TMAO) is a naturally in vivo occurring "chemical chaperone" that has been shown to stabilise the folding of numerous proteins. Myelin basic protein (MBP) is a molecule that has not yet been suitably crystallized either in three dimensions for X-ray crystallography or in two dimensions for electron crystallography. Here, we describe lipid monolayer crystallization experiments of two species of recombinant murine MBP in the presence of TMAO. One protein was unmodified, whereas the other contained six Arg/Lys-->Gln substitutions to mimic the effects of deimination (i.e., the enzymatic modification of Arg to citrulline), which reduces the net positive charge. Planar arrays of both proteins were formed on binary lipid monolayers containing a nickel-chelating lipid and a phosphoinositide. In the presence of TMAO, the diffraction spots of these arrays became sharper and more distinct than in its absence, indicating some improvement of crystallinity. The osmolyte also induced the formation of epitaxial growth of protein arrays, especially with the mutant protein. However, none of these assemblies was sufficiently ordered to extract high-resolution structural information. Circular dichroic spectroscopy showed that MBP gained no increase in ordered secondary structure in the presence of TMAO in bulk solution, whereas it did in the presence of lipids. Dynamic light-scattering experiments confirmed that the MBP preparations were monomodal under the optimal crystallization conditions determined by electron microscopy trials. The salt and osmolyte concentrations used were shown to result in a largely unassociated population of MBP. The amino acid composition of MBP overwhelmingly favours a disordered state, and a neural-network-based scheme predicted large segments that would be unlikely to adopt a regular conformation. Thus, this protein has an inherently disordered nature, which mitigates strongly against its crystallization for high-resolution structure determination.